Universal scaling of nonlocal and local resistance fluctuations in small wires H. Haucke, ' S. Washburn, A. D. Benoit (Received 31 January 1990) Resistance fluctuations in small metal samples result from coherent transport of the carriers. The wave functions of the carriers extend into regions which are not accessible classically. We have directly measured the length dependence of the nonlocal magnetoresistance fluctuations in Sb and Au wires by studying regions of our samples separated from the classical current path by a distance L which varied from 3L down to 0.2L~(where L~i s the phase coherence length for the carriers in the metal). These fluctuations decay exponentially with L/L~. Measurements along the classical current paths scale more slowly with L/L~than predicted by the analytical theory but are in agreement with numerical simulations. We have also studied the length dependence of the magnetic field correlation scale B&, and we find that it is in qualitative agreement with a recent model calculation that accounts for the voltage probes.
Since the first experiments by Sharvin and Sharvin' which experimentally demonstrated the existence of Aharonov-Bohm oscillation s in disordered metal cylinders, the study of Aharonov-Bohm effects has brought to light many features of electrical transport which contradict the classical models. Foremost among them is that the difFusive propagation of the carriers does not cause the wave-function phase to be destroyed. ' Most of the observations of periodic and aperiodic quantum interference fluctuations hR of the magnetoresistance R (H) in small metal loops and lone wires have been at length scales L =L; i.e. , most of the carriers traverse the distance between voltage probes without randomization of the wave-function phase. In this coherent regime, ' the rms amplitude of the fluctuations in conductance is b, G = Ce /h, where C is a prefactor (of order 1) which depends upon the geometry of the sample. When L &&L, however, ' '" the resistance fluctuation become independent of length while the naive estimate of the conductance fiuctuations diverges as 1/L Moreover, it has been shown that the fluctuations can be observed in a device geometry for which classical physics would predict a null measurement. ' ' Indirect evidence for nonlocal behavior has also been seen in the correlation scales for random conductance fluctuations. ' In this work direct observations of nonlocal fluctuations are presented in detail. We demonstrate that the same L which describes the length dependence for the local resistance fluctuations accurately predicts the length dependence of nonlocal resistance fluctuations. In addition, we compare our results to the predictions of recent theories and find significant discrepancies with the ana1ytical approaches" but good agreement with numerical simulations. The magnetoresistance traces were filtered digitally to remove signals outside of the range field scales expected for the conductance fluctuations, and the contribution to the measured resistance fluctuations from amplifier noise was removed by subtracting the noise power spectrum (estimated from "dummy" magnetoresistance traces at zero drive current) from the power spec- Fig. 3(a) Fig. 2(c) , the tail is not as long as the Lorentzian's]. In Fig. 4(a) , the Bc obtained This dichotomy is apparent in the experimental data. At least for longer L, C (AH) is essentially Gaussian in shape [similar to Fig. 2(d) ]. On the other hand, the tails on C"(hH) are better approximated by a Lorentzian curve, or for L ) 1.6 pm by a function with an even slower rolloff than I /(AH) .
We can compare our results to the theoretical prediction for C(b,H ) from a four-probe resistor. The model is a four-probe wire where the probes are the same width as the current-carrying channel, and the corners between the probe and the channels are square [i.e., Fig. 1(b) ]. The above model is strictly linear response, so there is no parameter corresponding to current drive. Two current drives were used for the data in Fig. 4(a) , and in the nonlocal ( -L} measurements, Bc is independent of drive, but it depends rather strongly on it in the local (+L) measurements. This difference between the nonlocal and local data can be qualitatively understood by allowing for the possibility of voltage averaging in the local measurements.
There is a finite electric field along the measured segment in the local measurement, and the carriers therefore have an energy spread and a corresponding "effective temperature" T,fr= eV/k~which leads to voltage averaging and hence to a decrease in LT.
Perhaps, at very high currents, this could eventually lead to a decrease in L, but we doubt that this occurs in any of the experiments here. The decrease in LT is apparent from the inset to Fig. 4(a) Prima facie, the data in Fig. 3 
